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VRL Project 62RO5 IlB Technical Meo No. 233

URASNIC HS3?C01101 OF -OVIMSUR! HO ROT BTUTLM PffASF. -%I

Z La Lborat, has completed Phase 11 of the atws'ten Billet Aoun= Robin.
This is a reinmaction, afte silver infilt tion, of the Phase I bWaets AG2230
aua AG2231. (o'4% nlebf-W AG2230A and AG233A)o

This report covers the folloving subjects:

. fmersed ad contact inspecicn at normal Incidence; cho shot
(shear wave irmerued onl.

2o Longitudinal velocity of sound m ewwrements using contact tbxv-
ray technique,

3. Effect of grain size on taneduaer frequeney,
4. A prefexred inspection procedure ainsiutomatie cnnpeastiton

of gain for defect depth,,

1. Ultxasonic Results of Defects Noted.

All results reported belou were obtainsd using the immersion method b a
freauency of 5 mc. rhe transducer used was a 0°5 inch diameter B or "Z"
(tuned) vith a water path of 3 inches. The equipment used ws the Inseracype
With provision for automatic scanning and recording, The Immerscope seasitivity
was adjusted using 'de AGC s3.lvr infiltrated regerence staudnzd, the reference
holes put in the billets, and the ITIRL refereace standard made by Firth Sterling,,
Me sensitivity' contwol vas adjusted for IWo (Full Scale) ref2lected si~njl
amlitude from the §3 irlat bottom hole (M). The recorder firing level was
adjusted to recard a signal amplitude of 50% of full scale and greatex which
appeared in theete, ljh equipment sensitivity and recorder fring level were
rechecked after each test to insu-e ide bical Inspection conditions. lie
Sensikvit7 Tri,.n Coniwol (15C) was ured for all inspections) This is explained
in detail in Section b

(A) EiJ2-'t P G 2'0,OA

Normal Incidence Imersed

In order to e3r.ai t the necessity of continuous Monftoring of the equipment
to determine defect dopth, the gating and recordinz cIrcuit were adfjtted in :uere-
mamts of one inch. Ls con be seen in Figure 1, much time was saved since the
miajority of the "defects" apptared at a depth of 4 to 5 inc.hes.

The billet was vso Inspected botcm up, Mhe oviy defects fnn were at a

depth of 3.5 to 5 inches from the bottom. Fige 2 is a recording of the various
defect a&reas., Aa iateresting feature of the test rosults is the amount of "edge
elTect" which is very ob vious in Figrres 1 and 2 hs is due to a slight machined
bevel which was oa both the inner and outer diamtera of both ends of the billet,
Actual4j, we dJd use the electrician's tape techaique which we described in the
Phame I Report but the bevel introduced some additional edge effect,
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Shear Wave (Chord Shot - Ymexsed

A sheaw wave chord shot of the untapered porti.on of the oJ4nariacl section
vas made in both a el ie and counter-clo&kwige dfrect±on. The au&L5e of
incidence used was 20 Slvtiw a shear wave of 34 into the billebo Tis vat
based on the meawed shear wave velocity of 00098 in/0c of past silvw-
infiltrated samples of equivalent denitor by the Same manufact-rer.

Radial Shot - Immersed

A radial inspection was performed on the. uatapered section of the billet.
No defects other than the drilled holes vAre found, No atteot ims made to
inspect the tapered oection of the billet eitbhr radially or by chord Shot,
since this would Involve a very complicated ". lenthy inspection p.ocedureo

Normal Incidence,- Cotact

Contact teating at nral incidence only was emp1oyed to see if 'he auto-
mated inspection data could be correlated, Correlation va obtained but with
the same diffieu~ltles reported i n our Phase I report,

(B) Billet AG3 2231A

Normal Incidence - Imwersed

This billet was inspected in a manner similar to that of AG 2-30Ao Namely,,
tcp up and bottomi up. Figures 3 and 4 show the actual. Inspecton results. To
save timr the flaw gate was set to record all defects of sufficient amplitude
from a depth of 0.5 inches to 5.0 inches, rather than in depth inements of
one inch. In addition, binder head screws wre taped around the circumference
of the billet at 30 imcreuents to obtain a more accurate location of "defective"
arems. These can be seen in Figures 3 nd 4 as circular outlines. This Is a
much more accurate means of flw location on round billets0 If one bad a number
of these billets to inspect, a hinged prefabricated plastic appliance could be
made to fit around the circumference of the billet. TWis would not imly facii-
tate flaw location, but it vould also help reduce "edge erfect"o

Shear Wave (Chourd Shot) - Ised

In the Phase I report, ve reported two cracks located at approadmately 0P
and 1800. Apparently, the 00 reference has bwa --bwged,, because now the two
cracks were found at approximately 900 and 27CP. In addition to the t cracks,
there were two distlnct bends of "crud " located ?p imatel one inch and four
inches down 9'rom the top surface. The term "crud" i used because we can't
classify the observed oscilloscope indications as discrete "defects", 2he Indi-
cations are mtltiple, In natre and of varyiUg aplItdeso Thy appenr at the
sa depth each tim as layers of many stall defects. 2he indications are aslilar
to those obtained fro small. multiple inclusios, perous areas, variable grin
size, or variable Ae-&sl areas. Very seldom is even one of the individal Indl-
catin equlvalent to a #3 P2Ro
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Hcrwl incidence - Contact

Contact testing of ti.s billet co.reated the data we obtar.zd using the
Liiersoak mtod, T!he two "bands" COOM1 also 'be det-ected,

WC .trasonic Resu.1ts; ud.-eew I~T~ed

BiLUT AWXE OF ICD)Ufl DIECT M CEO

(In inches ±zrom (in inches) DWXZ
top Bxace)

t2230A Ik.-inal 4 ,75 2,5 lop
3,,6 2.5 L50
P-4 3.25 r40

20 bo°  6.o 3 21.65'

Normal Defect area too nuerouas to tabulate,
Refer to FQgures 1 and 2

;.2231A Normal Defecxb areas too nmerous to tabulate,
Refer to Figures 3 and 4o

20o Chord 2 cracks at appro=imately 00 ana 2-(0
extending raia-lyt from IoD. in var-ing
awrunts. Also etendSxg amally f;om top
to bottom sirsrceo

20° Chord Bund oZ "ucru" varying in -r.dth from 0o5
inches to 1.5 nches, 1 inch down from the
top surface. In Oddition there were marmy
small areas too nunerous to tabilate

(D) Dis,,ssion of Inspection Results

• a only defects which we found equivalent to or greatar than a #5 FBH wer-e
the t o ac1ra in AG223A. Defecs in AG2230A aetual.ly found to be equlvaleat to
a #3 M e located at 10, 150, 165, 180, 210, 220, and 290 degrees, These ware
fouwd chzootg at nx=i4l xincideace, "p. (Figure i)o All other defects were
amal,- in emlitude but laree enough to record,

Several photoZraphs of the obsered oscillogrms wwe taken to clarify state=
ments =ade in this roo Keep in mind that the Dmwerscope seasitivity was set
to obtain 100% signal amp-itude fro a #3 PD.R, but the recording level w84 set to
record at a 50% amplitude level,. ZAis is necessary in order to obtain recordings
of msrginal defects. Figwre 5 shows an area at 15 in X2230A. Two distinct
defects can be seen at depths of 3.6 and 4.8 incies, Since both defects are less
than =o% amItuade, neither would be recarded. Now refer to Figure 6 - on the
swa scan at an angle of 10 , oe defect iain cressing In ampltude as the other
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iflc-bJiflt of 00.50 C? les's I's t.,eLd tba eit2c~r. v Ii als 1 210*Yj~ Ont.1
e~rd~ but If n'181'i i-.:14Ut:L4i, ns*~

A (poodi "I-Vle of -,,Wnb" Jo~ ' A -,v k ~ ' the' ~-~' o~~~o)s
'4e recdeil on a m:Dkn'x, .. . ,:e -Zv Lic

Since the w~ord "aj-,7 l3 not veryV rjaei'-a T :L2 :iob4op
defilw it. IXl±s is z,11~ e-,Xwu of au z --c in JIG a.o 0,, 11t '4a v~''
Ing araplitude and b --.te1I.c i~jx

V'igrc shows a reaJ. nice "defect" 1r, IG22 nt 11 ta r .15
lnhes,. It is really~ a a(.oldenbol "b~oby takF.," vw~ci cv- tivo-,. lmrn co
beblnd schedu2e,. TW-i3 w aj ca- b3.,b1e o. tt'nCa oz' UL- 1 OxiJy a ar
small. secioa of the 0,5 tuh t nxdurce-- ' "as bo'ro nd thfe- Q;Z, the Byet, ~
the rty Lt was eq&~ to a#(

2Q Longttuainl Vel2lty of SourAid utw

Mhc Ilongi ~tsn2. volocity of the AC- kferzact- St-m:rd, and!~ ti o bil:Iet;
was rneepmaed using the ranct la-Wy h- ':1 .ctz6~ of' 5 mc ~hr was
no noUceable change In veottj Vard' 36 0" eaor . Wlt IMA frLlw
iA-- veloci!4y values v~ OlbtsieE,. The naarenmt &v;xon3- io L bz.,tbs Qaa, 1$'

AG,22 A L),1.89

I radhiograpWic renlts Il~e y AV C'! RUYA TDLA, "o 11 id
czatel that the two bi-UlLt.3 aetainw- arcas of .Lc;&,siT bean w-able

to etzan dexsit-y v a cans in itan the -uV:,fJV!-Q Uoi t r "a-e

tt-, ";w. :E epoert, It also zhova rr e riCed Ifr MZIVV'Y, IS Va~xTIVc-' d;4%5.ty
Is e.-ause orZ'e.eeim

Utfu~ A~boratnzy J~d art ectenypt -6 make a eg .zn t:.. ().-ratn s~vo
. he b.xcts; sd n the B~u~ lobin.. We do not -Zcx . tbhti tPhose billnts are
sentative OX cwrent rnufactwexlr s Y::olaetion .,bi&a

Gkmia sine2- is 41zteietacd bry r a~ing the urasot, et-enut:ion a b varicqu
ctsin the range of I ma to 25 ne,, The r Ltan , w urzacitr. are of

LittOs v .i lwess a et of seenn.!tea.x's oxn av43.able for comparlson.. 3ie
,:hc . ftenuntion tzovul be afTeftd b-j zv o-2s:wy i. 2.coi ai -M.', . trxted aee S~
silwr-r~i areas,, aurfep fiieh, iaiz. pelU ar, gx'a.tn slmc!, --hon t'vou2A b no noxto.es-
tructi. e VA~thcdi ofv vewfyln the- nUt-7<-ogie

2 -. j, ftael Testin,- 23tvdmads -fo '"- "'R 'ut. c iodstut!

Tez-1.1igy 20



boQti rig, and depth. rI eqde A cotqple ZO U
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We casrried our tests one step ZLw lxer to ascex tcrds roL5d r' kgea2d
ability of this me'tAo&. We found that eah of us could set up the "ST'" 1depen-
detlly and obcain. the sore dia- settin&a Also, that the ZL£rscope gain if=
stable enough to merely reset te equipment diais to Uhe settings we obtained
Zrom the 1.xitial adjustment. We checleed this rcaoenalsb-oAty against the reference
van,?zxd s eveml tims each d-ky for a perio' & days ,rith no noticeable
ebs-ae in dial settings.

dL, Since eed abots Chaar weve) vre necessary a. this program, it ould
b deairable to have a reference standard for this p u rlar ipttactlo . g.'2h-
out this xound robLn progrem, we have been uaable to really .Justify the eguipment
gain setting m used tor the chord shots, because the drilled holes were never In
'the same location for each bi lle, For this reason "e are Dot ce-rtan whether we
have been overlinspecting or under-inspeetingo

A-Iso, %e To-nd 'that, when inspecting Lxaly at ormal incidence, the bIllet
should be inspected x1th both "top up" and"bottom urp" Dereebs were founid ibu-h
frcm one e xial direction were witch smaller tkma a 3 FBHo This was with SCo It
may indcate- that ded iects have a different shape as v-ewed from tap and bottom,

Sunnary
1. We are able to detect defects scmehat small e than the erea of a #3 MM at

a depth of 6 inches in silve, infiltrated tingsten.

2. No s~ignicant change in sotmd velocity was observed,

3B Grain size determination by an ultasonic atteaustion measmresint in -re
billets is possible but too many other variables con elfect the data obtained.

4, Adequate refenc* standards are required,

o Automtic compensation of gain for defect depth in Immersion inspecion system
is supior to any other ulia'sonic method.
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'~~"~-.-AG2'C23OA T2op Up -OPte set to re-
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STO Transducer 5 me, "Z 0 5"

die. at normal incidence, 3 wate.
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Fig 5 - Defects in hG2230A at

150 at depth of 3.6' and 4.8"

Fig 6 - Same defects as above

but at 1O°



Fig 7 - Area in AG2230A t 2100

Fig 8 - Air bubble at 1 400 on
AG2230A



Fig 9 - #3 FBH 1' down in Al,
4". water path, - using Immer-
scope "STC"

Fig 10 - #3 FBH 3" down in Al,
4" water path,- using TImmer-
scope SC

Fig 11 - #3 FBH 6" down in Al 4"
water path - using Immerscope'?STC'



F'ig 12 - #3 FBH 1" down in Al,
9" water path, using InimerscOPe

Fig 13 - #3 FBH 3" down in Al? 7"
water path, using Inmerscope 'STC"



Fig 14 - -' 3 FDII 5" down in AGC
Reference Standard, Imerscope
with no "STC"

Fig 15 = FBH 5" down in AGC
Reference Standard, Immerscope

with "STC"
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